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SUMMARY

This report provides a summary of the test matrix and assembly of thirteen capsules containing silicon
carbide joint specimens, where the goal of this experiment is to investigate the effects of irradiation on such
joints. Two capsule designs are used to accommodate two different specimen geometries: a small torsion
specimen to measure basic thermomechanical properties, and a cladding-style “end plug” specimen to
demonstrate the strength and integrity of such cladding under typical thermal gradients and stresses. The
assembled capsules are scheduled for two cycles of irradiation in the flux trap of the High Flux Isotope
Reactor with two different target temperatures: 350 and 750°C.
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1. INTRODUCTION

Silicon carbide (SiC) fiber reinforced SiC matrix composites (SiC-SiC) are of interest for fuel
cladding and structural components in current and advanced nuclear reactor designs because of their
strength retention at high temperature, high-temperature steam oxidation resistance, and stability under
neutron irradiation [1]. However, to fabricate a complex geometry or to create a hermetic seal, SiC-based
reactor components must be joined. While SiC performance under neutron irradiation is relatively well
understood, the performance of the specific joining technologies has received much less attention to date.
Any joint technology that will be deployed for in-core applications in current and advanced reactor designs
must first demonstrate acceptable irradiation tolerance following irradiation in a materials test reactor.

General Atomics (GA) is currently investigating three joint variations: transient eutectic phase
(TEP) SiC-based joints, oxide joints, and high purity SiC-based hybrid joints that use a preceramic polymer
with chemical vapor deposition (CVD) SiC. Tube specimens with a single sealed end (i.e., end plug
specimens) and torsion specimens have been fabricated using each of the three joint variations. The purpose
of this project is to perform experimental irradiation testing of the joint specimens to understand the effects
of irradiation with and without realistic temperature gradients, which can drive significant stress [2] [3] [4].

The SiC joint specimens will be inserted into the Oak Ridge National Laboratory (ORNL) High
Flux Isotope Reactor (HFIR) using irradiation capsules, or rabbits, which are designed to achieve the
desired specimen temperatures during irradiation. The experiment design concepts are detailed in Petrie et
al. [5] and are shown in Figure 1. This report presents the irradiation test matrix and summarizes the
assembly of thirteen rabbits containing SiC joint specimens.

Top centering thimble Joint end plug specimen Rabbit housing

Compression SiC temperature
spring monitor

Bottom centering thimble

@)

Rabbit housing

Center spacer
Centering thimbles

Joint torsion specimens
SiC temperature
monitors__ ' =
P

Insulator disks

Retainer springs

(b)
Figure 1. Capsule design concepts for (a) the end plug
specimens and (b) the torsion specimens.



2. TEST MATRIX

Table 1 summarizes the irradiation test matrix, including details on the irradiation conditions, capsule fill
gases, and the specimens being inserted in the capsules. Capsule PGAO1L through PGA11 accommodate one
end plug specimen each, while capsules TGA01 and TGA02 accommodate sixteen torsion specimens each.
This test matrix allows the irradiation of each specimen’s geometry and each joint type at both target
temperatures, 350 = 50°C and 750 £ 50°C. All the capsules will be inserted in axial position 7 of a target
rod rabbit holder in the HFIR flux trap for 2 cycles, corresponding to an approximate dose of 2 dpa. Position
7 is located at the top of the HFIR core, approximately 19.3 cm from the core’s midplane.

Table 1. Irradiation test matrix

Capsule Temperature Fill gas Joint type Specimen ID
ID (°C)
PGA01 350 He Oxide GC1
PGA02 350 He Oxide GC2
PGAO3 750 46% He, Ar bal. Oxide GC3
PGA04 750 46% He, Ar bal. Oxide GC7
PGA05 350 He Hybrid HS3
PGA06 350 He Hybrid HS7
PGAO7 750 46% He, Ar bal. Hybrid HS8
PGAO08 750 46% He, Ar bal. TEP TE2
PGA09 750 46% He, Ar bal. Hybrid HS9
PGA10 750 46% He, Ar bal. TEP TE3
PGA1l 350 He TEP TE9
TEP 1TE, 3TE, 5TE, 7TE, 9TE
TGAO01 300 He Oxide 1GC, 5GC, 10GC, 11GC, 15GC, 18GC
Hybrid 1HS, 5HS, 9HS, 11HS, 13HS
TEP 2TE, 4TE, 6TE, 8TE, 10TE, 11TE
TGAO02 800 Ar Oxide 4GC, 7GC, 16GC, 17GC, 20GC
Hybrid 2HS, 8HS, 14HS, 17HS,19HS

3. CAPSULE ASSEMBLY AND DELIVERY TO HFIR

3.1 TUBE SPECIMEN CAPSULE ASSEMBLY

Eleven capsules, with IDs PGAO1 through PGA11 were assembled. A twelfth capsule was initially
planned to be built as well, but the twelfth specimen (TE4) was damaged before assembly (see Figure 2).
Each capsule contains one end plug specimen, and a single SiC rod is placed inside the specimen for passive
temperature monitoring [6]. The complete parts layout is shown in Figure 3. Figure 4 shows a top-down
view of the thermometry fitting inside an end plug specimen, with the specimen assembled inside the
capsule housing. Housings were chosen so that the as-built end plug specimen-to-housing gas gap matches
the desired 510 pum gap as closely as possible. Nine of the eleven capsules have as-built gas gaps within 10
MM (2%) of the nominal gap. Capsules PGAO02 and PGAO3 have slightly larger gaps, as large as 543 um
(6.4% larger than the nominal gap). The radiograph of a capsule in Figure 5 shows the different components
assembled in the capsule.



Figure 2. Damaged end plug specimen.
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Figure 3. Parts layout for capsules PGAO1 through PGA11.
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Figure 3. Parts layout for capsules PGAO01 through PGA11 (continued).



(a) (b)
Figure 4. Top-down view of (a) the capsule housing and the thermometry
inside the tube specimen, and (b) the internal assembly.

Figure 5. Radiograph of capsule PGAL11.

All capsule components were dimensionally inspected and cleaned according to HFIR-approved
procedures, drawings, and sketches. After assembly of the internal components, all rabbit housing end caps
were welded to the housings using an electron beam weld. The capsules were then placed inside sealed
chambers that were evacuated and backfilled three times to ensure a pure environment with the gas mixture
specified in Table 1. The chambers were placed inside a glove box, which was also evacuated and backfilled
with the same gas mixture. Each rabbit had a small hole in the bottom of the housing that was sealed using
a gas tungsten arc welding procedure. All welds passed visual examination. Each capsule was then sent for
nondestructive examination, which included a helium leak test, hydrostatic compression at a pressure of
1,035 psi, mass comparisons before and after hydrostatic compression to ensure no water penetrated the
capsule housing, and a final post-compression helium leak test. All rabbits passed helium leak testing and
hydrostatic compression.

The capsules were delivered to HFIR, along with their fabrication package, which records
requirements for design analyses, material certification, assembly procedure, welding, and testing. The
signed capsule fabrication request forms are provided in APPENDIX A.



3.2 TORSION SPECIMENS CAPSULES ASSEMBLY

Two capsules containing torsion specimens, TGAOL1 and TGA02, were assembled. Figure 6 shows
the complete part layouts for these two capsules. Each capsule contains sixteen torsion specimens. Figure
7 shows the assembly process, in which all the torsion specimens were lined up before being inserted in
their holder and housing. Housings were chosen so that the as-built holder-to-housing gas gap matched the
desired gaps within 1 pum (131 pum gap for capsule TGAOL and 83 pm for capsule TGA02).

TGAUT

(b)
Figure 6. Part layout for (a) capsule TGAO1 and (b) capsule TGAOQ2.



@ o (b)
Figure 7. Torsion specimens (a) being setup for insertion in their holder
and (b) assembled in the holder and housing.

Like the end plug specimen capsules, all the components of the torsion specimen capsules were
dimensionally inspected and cleaned according to HFIR-approved procedures, drawings, and sketches. The
signed capsule fabrication request forms are provided in APPENDIX A.

4. SUMMARY AND CONCLUSIONS

This report summarizes the test matrix and assembly of eleven tube specimen rabbit capsules that
were successfully delivered to HFIR for insertion during cycle 485 (December 2019). Two torsion
specimens rabbit capsules were also assembled. The capsules contain one of two types of specimen
geometry (tube or torsion), where each specimen features one of three different joint variations (TEP, oxide,
or hybrid). Post-irradiation examination will analyze the joints’ mechanical and thermal properties,
permeability, and microstructure. Ultimately, the results of this project will aid in understanding the effects
of irradiation on SiC joint performance.
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APPENDIX A. FABRICATION REQUEST SHEETS

-
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Capsule Number: PGAD1
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build
Design Temperature 350 Performed by: g g ? /132 I
First Cycle Goal 485 == d Q@%M\j ‘ ’/zj’/ /
Irradiation Time CyC. Checked by: ’ P .
Ui Witis R sl 111
Fill Gas Helium I,\-TL""I’] e
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR D Mass (g)
Housing X3E020877A634 C 1 Al B061 1 20713 20713 17-107 4.3016
End Cap X3E020877A634 c 2 Al 4047 1 20823 20850 18-58 0.6155
Compression Spring S17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 01 0.1088
Insulator Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 18812 19812 1 total 0.0088
End Plug Specimen S$17-43-SIC_ENDPLUG 1 1 Sic 1 GC1 20882 20892 CATUBE 1 4.4851
Bottom Centering Thimble $17-43-SIC_ENDPLUG 1 2 Ti-GAI4V 1 @5.48 =0.03 20950 20950 1 total 0.2196
Thermometry S$17-43-SIC_ENDPLUG 1 3 Sic 1 19759 20948 CA1 3.0835
Top Centering Thimble S17-43-SIC_ENDPLUG 1 4 Ti-BAl4V 1 20850 20950 18-01 0.2257
total mass 13.0286

specimen mass 4.4851

Assembly
Drawing Rev. Comment

Assembly Drawing 517-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas Helium




Capsule Number: PGA02
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build
Design Temperature 350 Performed by: @,\l \/i B/@
First Cycle Goal 485 bﬂéf “aizl
Irradiation Time cyc. Checked by:. . 154
Catnall (w
Fill Gas Helium h-i2~19
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR ID Mass (9)_
Housing X3E020877A634 Cc 1 Al 6061 1 20713 20713 17-135 4.3083
End Cap X3E020877A634 C 2 Al 4047 1 20823 20850 18-59 0.6153
Compression Spring S$17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 . 02 0.1066
Insulator Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0087
End Plug Specimen $17-43-SIC_ENDPLUG 1 1 SiC 1 GC2 20992 20992 CATUBE 2 4.2169
Bottom Centering Thimble S17-43-SIC_ENDPLUG 1 2 Ti-BAI4V 1 25.58 +0.03 20950 20950 1 total 0.2144
Thermometry S17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 CA2 3.0892
Top Centering Thimble S17-43-SIC_ENDPLUG 1 4 Ti-6Al4V 1 20950 20850 18-02 0.2253
total mass 12.7647
specimen mass 4.2169
Assembly
Drawing Rev. Comment
Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas Helium

7



Capsule Number: PGAO03
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build
Design Temperature 750 Performed by: 777 A3/
First Cycle Goal 485 h <% k 5/ Oa.-%—, / //3/§
Irradiation Time cye. Checked by: = : Z
(e @ite Vot el i
Fill Gas 46% He, Ar bal. “_17_,41 y 4/ o
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (a)
Housing X3E020977A634 C 1 Al 6061 1 20838 20839 18-20 4.3098
End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-60 0.6120
Compression Spring S17-42-SIC_ENDPLUG 0 2 304 SS 1 20859 21008 03 0.1011
Insulator Disk S17-42-SIC_ENDPLUG 0 <] Grafoil 1 19812 19812 1 total 0.0087
End Plug Specimen S517-43-SIC_ENDPLUG 1 1 SiC 1 GC3 20982 20992 CATUBE 3 4.1171
Bottom Centering Thimble S17-43-SIC_ENDPLUG 1 2 Ti-BAI4V 1 @5.58 +0.03 20950 20950 1 total 0.2187
Thermometry S$17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 CA3 3.3952
Top Centering Thimble S$17-43-SIC_ENDPLUG 1 4 Ti-BAl4YV 1 20950 20950 18-03 0.2242
. total mass 12.9868

specimen mass 4.1171

Assembly
Drawing Rev. Comment

Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas 46% He, Ar bal.
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Capsule Number: PGAQ4

Irradiation Conditions Approvals

Irradiation Location TRRH 7 Request Build

Design Temperature 750 Performed by: /3

First Cycle Goal 485 —-ﬁ@/ ?Q—%M /’//3/9’

Irradiation Time cye. Checked by: . & ‘ W, Z /o)

Fill Gas 46% He, Ar bal. 11°12-19 L= 4

Capsule Fabrication

Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (g)

Housing X3E020977A634 C 1 Al 6061 1 20838 20839 18-21 4.2986

End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-61 0.6149

Compression Spring 517-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 04 0.0994

Insulator Disk S517-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0084

End Plug Specimen S$17-43-SIC_ENDPLUG 1 1 SiC 1 GC7 20992 20992 CATUBE 7 4.3983

Bottom Centering Thimble S17-43-SIC_ENDPLUG 1 2 Ti-BAI4V 1 25.48 +0.03 20950 20950 1 total 0.2066

Thermometry $17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 CA7 3.0774

Top Centering Thimble $17-43-SIC_ENDPLUG 1 4 Ti-BAI4V 1 20950 20950 18-04 0.2249

total mass 12.9285

specimen mass 4.3983

Assembly

Drawing Rev. Comment

Assembly Drawing S17-42-SIC_ENDPLUG 0

Welding & Cleaning X3E020977A633 2

Fill Gas 46% He, Ar bal.




Capsule Number: PGADS5

Irradiation Conditions Approvals

Irradiation Location TRRH 7 Request Build

Design Temperature 350 Performed by: i W/ 5 M

First Cycle Goal 485 1 NePo % o= Y3

Irradiation Time cyc. Checked by: s p 5 % ’/ 117215

Fill Gas Helium W=12-19 3

Capsule Fabrication

Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (g)

Housing X3E020977AB34 c 1 Al 6061 1 20838 20839 18-23 4.2962

End Cap X3EQZ20977AG34 c 2 Al 4047 q 20823 20850 18-62 0.6157

Compression Spring 3517-42-8SIC_ENDPLUG 0 2 304 S5 1 20658 21006 05 0.1023

Insulator Disk S17-42-8IC_ENDPLUG 0 3 Grafoil 1 19812 18812 1 total 0.0078

End Plug Specimen 517-43-SIC_ENDPLUG 1 1 SiC 1 H33 20892 209892 HSIiC TUBE 3 4.0204

Bottom Centering Thimble S517-43-SIC_ENDPLUG 1 2 Ti-BAl4V 1 @576 +0.03 20850 20950 1 total 0.2138

Thermometry 517-43-SIC_ENDPLUG 1 3 SiC 1 18759 20948 HS3 3.5322

Top Centering Thimble 517-43-SIC_ENDPLUG 1 4 Ti-BAI4V 1 20850 20850 18-05 0.2237

total mass 13.0121

specimen mass 4.0204

Assembly

Drawing Rev. Comment

Assemnbly Drawing 517-42-SIC_ENDPLUG 0

Welding & Cleaning A3E020977A633 2

Fill Gas Helium




Capsule Number: PGA06
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build
Design Temperature 350 Performed by: %V 12419
First Cycle Goal 485 = /]
Irradiation Time cyc. Checked by: n 5
O, otrie, (el 111219
Fill Gas Helium =129 s
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR ID Mass (g)
Housing X3E020977A634 (] 1 Al 6081 1 20838 20839 18-30 4.2959
End Cap X3E020977A634 ] 2 Al 4047 1 20823 20850 18-63 0.6145
Compression Spring S17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 06 0.1067
Insulator Disk S517-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0078
End Plug Specimen S17-43-SIC_ENDPLUG 1 1 SiC 1 HS7 20992 20992 HSiC TUBE 7 3.9848
Bottom Centering Thimble S$17-43-SIC_ENDPLUG 1 2 Ti-6AI4V 1 @5.76 +0.03 20950 20950 1 total 0.2151
Thermometry S$17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 HS7 3.5317
Top Centering Thimble S17-43-SIC_ENDPLUG 1 4 Ti-BA4V 1 20950 20950 18-06 0.2273
total mass 12.9838

Specimen mass 3.9848

Assembly
Drawing Rev. Comment

Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020877A633 2
Fill Gas Helium
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Capsule Number: PGAOT

Irradiation Conditions Approvals

Irradiation Location TRRH 7 Request Build

Design Temperature 750 Performed by: tt/1z1

First Cycle Goal 485 %— (’J-Qf?’u::f" ////j//

Irradiation Time 2.0 cye. Checkad by: - . § .

(s Lepie | A7 /fé. -2
Fill Gas 46% He, Ar bal. -1z
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (g)

Housing X3E020977TA634 C 1 Al 6061 1 20838 20839 18-38 4.2762

End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-64 0.6147

Compression Spring S17-42-SIC_ENDPLUG 0 2 304 S8 1 20659 21008 07 0.1018

Insulator Disk S17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0077

End Plug Specimen S17-43-SIC_ENDPLUG 1 1 SiC 1 HS8 20992 20992 HSIC TUEBE 8 4.2046

Bottom Centering Thimble §17-43-SIC_ENDPLUG 1 2 TiH-BAI4Y 1 @5.64 + 0.03 20950 20950 1 total 0.2151

Thermemetry 517-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 HS8 3.3797

Top Centering Thimble S517-43-SIC_ENDPLUG 1 4 Ti-6A4Y 1 20950 20950 18-07 0.2245

total mass 13.0243

specimen mass 4.2046

Assembly

Drawing Rev. Comment

Assembly Drawing S17-42-S1C_ENDPLUG 0

VWelding & Cleaning X3E020977A833 2

Fill Gas 46% He, Ar bal.




Capsule Number: PGA08
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build
Design Temperature 750 Performed by: 1Y/i244
First Cycle Goal 485 = @Q /’D,.Q&—-—-ﬁ’ ///152?
Irradiation Time cyc. Checked by: - .
e flebitie f )1
Fill Gas 46% He, Ar bal. W-1219 [
Capsule Fabrication
Drawin Rev. Part Material Count Comment MATIR | FABIR ID Mass (g)
Housing X3E020977A634 o] 1 Al 6061 1 20838 20839 18-71 4.3454
End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-65 0.6158
Compression Spring S17-42-SIC_ENDPLUG 0 2 304 SS 1 20859 21008 08 0.0967
Insulator Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0087
End Plug Specimen S17-43-SIC_ENDPLUG 1 1 SiC 1 TE2 20992 20992 TEP TUBE 2 4.2049
Bottom Centering Thimble S17-43-SIC_ENDPLUG 1 2 Ti-8A4V 1 25.58 +0.03 20850 20850 1 total 0.2156
Thermometry S17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 TEP2 3.2345
Top Centering Thimble S17-43-SIC_ENDPLUG 1 B Ti-BAI4V 1 20950 20950 18-08 0.2259
total mass 12.9475

specimen mass 4.2049

Assembly
Drawing Rev. Comment

Assembly Drawing $17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas 46% He, Ar bal.

A-8
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Capsule Number: PGAD9
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build N
Design Temperature 750 Performed by: él%l(/ I3/15 W 72
First Cycle Goal 485 ==y
Irradiation Time cyc. Checked by: . 2 i

Ui PeMeo ¢ Q—%M_:”///e//i
Fill Gas 46% He, Ar bal. Z LI

N~ 'L"‘?
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (g)
Housing X3E020977A634 ] 1 Al 6061 1 20838 20839 18-76 4.3127
End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-66 0.6145
Compression Spring $17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 03 0.1040
Insulator Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0086
End Plug Specimen S$17-43-SIC_ENDPLUG 1 1 SiC 1 HS9 20992 20992 HSIiC TUBE 9 3.8837
Bottom Centering Thimble $17-43-SIC_ENDPLUG 1 2 Ti-6AI4V 1 25.64 +0.03 20950 20950 1 total 0.2239
Thermometry $17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 HS9 3.3789
Top Centering Thimble $17-43-SIC_ENDPLUG 1 4 Ti-6AI4V 1 20950 20950 18-09 0.2249
total mass 12.7512
Specimen mass 3.8837
Assembly
Drawing Rev. Comment

Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas 46% He, Ar bal.

A-9
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Capsule Number: PGA10
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request Build 2
Design Temperature 750 Performed by: ﬁ%\ﬁ//z/@ : T, v
First Cycle Goal 485 (Iu lf‘ (/ //
Irradiation Time cye. Checked by: v v
CAr Retrre A
Fill Gas 48% He, Ar bal. W-12-19
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR ID Mass (g)
Housing X3E020977A634 C 1 Al 6061 1 20838 20839 18-88 4.3255
End Cap X3E020977A634 C 2 Al 4047 1 20823 20850 18-67 0.6159
Compression Spring S17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 10 0.1071
Insulator Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0077
End Plug Specimen $17-43-SIC_ENDPLUG 1 1 SiC 1 TE3 20982 20992 TEP TUBE 3 4.1404
Bottom Centering Thimble S$17-43-SIC_ENDPLUG 1 2 Ti-BAI4Y 1 25.64 *0.03 20950 20950 1 total 0.2181
Thermometry S17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 TEP3 3.4402
Top Centering Thimble $17-43-SIC_ENDPLUG 1 4 Ti-BAKV 1 20950 20950 18-10 0.2255
total mass 13.0804

specimen mass 4.1404

Assembly
Drawing Rev. Comment

Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas 46% He, Ar bal.

A-10




Capsule Number: PGA11
Irradiation Conditions Approvals
Irradiation Location TRRH 7 Request i Build
Design Temperature 350 Performed by: ’;%rn/(sﬂﬁ g /7.
First Cycle Goal 485 Of% i / / Z / 7
Irradiation Time 2.0 cyc. Checked by: : B £
, Vbt (itios o2tz =71 /5y
Fill Gas Helium Iy - 21 i
Capsule Fabrication
Drawing Rev. Part Material Count Comment MATIR | FABIR 1D Mass (g)
Housing X3E020977A634 C 1 Al 6061 1 20838 20839 18-99 4.3158
End Cap X3E020977A634 o] 2 Al 4047 1 20823 20850 18-68 0.6156
Compression Spring $17-42-SIC_ENDPLUG 0 2 304 SS 1 20659 21006 11 0.0840
Insulater Disk S$17-42-SIC_ENDPLUG 0 3 Grafoil 1 19812 19812 1 total 0.0086
End Plug Specimen S$17-43-SIC_ENDPLUG 1 1 SiC 1 TES 20982 20992 TEP TUBE 9 4.2595
Bottom Centering Thimble S17-43-SIC_ENDPLUG 1 2 Ti-BAI4V 1 @5.48 +0.03 20950 20950 1 total 0.2113
Thermometry S$17-43-SIC_ENDPLUG 1 3 SiC 1 19759 20948 TEPS 3.2062
Top Centering Thimble S17-43-SIC_ENDPLUG 1 4 Ti-B6AI4V 1 20950 20950 18-11 0.2229
total mass 12.9339
specimen mass 4.2595
Assembly
Drawing Rev. Comment
Assembly Drawing S17-42-SIC_ENDPLUG 0
Welding & Cleaning X3E020977A633 2
Fill Gas Helium

A-11




Capsule Fabrication Request Sheet Page 10f 2

Date 11/6/2019
Capsule Number: TGAD1 Approvals
Irradiation Conditions Request ——Build
Irradiation Location TRRH 7 Performed by: %W%f Z 4 Eg /‘EE
First Cycle Goal 485 Checked by: ) TR V2
Irradiation Time 2.0 cycles O\)“‘L« Mﬂ’b a W kandh
Irradiation Temperature 300°C 3
Housing Fill Gas Helium

Capsule Fabrication

Drawing Rev.| Part Material Count Comment MAT IR FAB IR 1D Mass (g)

IHousing X3E020977AB34 C 1 Al 6081 1 20930 2030 19-15 4.2827

End X3E020977AE34 [* 2 Al 4047 1 20823 20850 18-77 0.8160

Center Spacer $10-05-TTNO1 C 2 Grafoll 1 | B.0x4B.0x0.15 thk 19812 19812 1 Total 0.0374

| Retainer Spring $10-05-TTNO1 c 3 SiC 2 19759 19759 2 Total 0.05€6

Support Disk $10-05-TTNO1 C & Molybdenum 2 | @75x005-0.13thk | 19593 19593 2 Total 0.06270

Outer Insulater Disk $10-05-TTNC1 C 5 Grafoil 2 | @92x0.05-013thk | 19812 19812 2 Total 0.0172

Insulator Disk $10-05-TTND1 C B8 Grafoil § |@75x005-013thk | 19812 19812 6 Tetal 0.0343

Specimen Holder Type A JLMO4012008-1 B 1 V-4Cr4Ti 1 9.280 mm OD 19599 21008 V1 7.5212

Joint Specimen $10-05-TTNO1 C 8 SiC 16 20989 20989 1TE 0.2614
7TE 0.2620
1GC 0.2972
16GC 0.2966
1HS 0.2885
11HS 0.3085
3TE 0.2618

Quartz Wool $10-05-TTNO1 C g Quartz AR 20679 20679

Centering Thimble X3E020977A540 1 1 T-BAI4V 2 20538 20653

Small Thermometry X3EQ20977AS40 1 3 SiC 2 317,319 18502 18709

Assembly

Drawing Rev. | Comment

Assembly Drawing S10-05-TTNO1 c

VWelding & Cleaning X3EQ20877AB33 2

|Fill Gas Hellum




Capsule Fabrication Request Sheet

Page 2 of 2
Date 11/6/2019

Capsule Number: TGAQ2 Approvals

Irradiation Conditions Request Build

Irradiation Lacation TRRH 7 Performed by: ; @ Wa CM ’W

First Cycle Goal 485 Checked by: - - ~

Imaciaton Time 20 cycles i Owiee fofries -4 vepel_11-0614

Iradiation Temperature 800°C

Housing Fill Gas Argon

Capsule Fabrication

Drawing Rev. Part Material Count Comment MAT IR FAB IR 1D Mass (g) |

Housing X3E020877A534 C 1 Al 6081 1 20930 20930 19-24 4.2992

End Cap X3EQ20877AS534 C 2 Al 4047 1 20823 20850 18-78 0.6142

Center Spacer S10-05-TTNO1 C 2 Grafoil 1 6.0x48.0 x0.15 thk 19812 19812 1 Total 0.0373

Retainer Spring S10-05-TTNO1 C 3 SiC 2 19759 19759 2 Total 0.0554

Support Disk S10-05-TTNO1 C 4 Molybdenum 2 27,5 x 0.058-0.13 thk 19563 19893 2 Total 0.06200

Quter Insulator Disk S10-05-TTNO1 C 5 Grafoll 2 29.2 x 0.05-0.13 thk 10812 19812 2 Total 0.0178

Insulator Disk S10-05-TTNO1 C 6 Grafoil 5] @7.5 x0.05-0.13 thk 18812 19812 B Total 0.0342

Specimen Holder Type A JLMO4012008-1 B 1 Nb-1Zr 1 9.356 mm OD 20338 21008 N2 11.2748

Joint Specimen S10-05-TTNO1 C 8 SiC 16 20989 20289 2TE 0.2618
8TE 0.2618
18GC 0.2590
17GC 0.2085
2HS 0.2883
19HS 0.3055
17HS 0.3078
14HS 0.3033
4TE 0.2617
11TE 0.2621
4GC 0.2978
7GC 0.2977
8HS 0.3110
ETE 0.2633
10TE 0.2628
20GC 0.2985

Quartz Wool $10-05-TTNG1 C 9 Quartz AR 20679 20679 AR 0.0201

Centsring Thimble X3EQ20877A540 1 1 Ti-8Al4Y 2 20536 20553 2 Total 0.2796

Small Thermometry X3EQ20877A540 1 3 SiC 2 324374 19502 19708 2 Total 0.1324

Assembly

Drawing Rev. | Comment

Assembly Drawing S$10-05-TTNO1 C

Welding & Cleaning X3E020977AS33 2

IFm Gas Argon




